Throughout mammals evolution, the contribution of the corticospinal tract (CST) to motor control 16 progressively increases, culminating in primates with tight control of skilled movements such as 17 independent finger dexterity 1 . Although cortico-motoneuronal connections have been shown to be 18 absent or very rare in rodents 2-5 , it is generally assumed by analogy with primates that the main 19 function of the CST is to convey motor commands. Yet the CST has been shown to have other 20 functions 1 , such as sensory gating. By differentially filtering out sensory signals at their entry point 21 in the spinal cord 6,7 , sensory gating is thought to have evolved to increase the gain of relevant 22 feedback information during voluntary movement to improve execution of skilled movements 8-10 . 23
system is mediated by presynaptic depolarization of the central terminals of primary afferents 13 and 41 can be experimentally assessed by recording cortically-evoked dorsal root potentials (DRPs, Fig. 1A) . 42 We thus recorded DRPs in vivo in lumbar roots L4-L6 (conveying hindlimb sensory inputs) of 43 Thy1::ChR2 mice, expressing channelrhodopsin2 in layer V cortical neurons 14 , and mapped the 44 cortical area eliciting DRPs and muscle contractions in the hindlimb (Fig. 1A,B ). Using 45 photostimulations at the surface of the cortex, we identified the area inducing the largest DRPs 46 (center: AP=-0.75 mm, L=1.5 mm; Fig. 1C , n=7 mice) and the largest electromyographic (EMG) signal 47 in the tibialis anterior (center: AP=-0.75 mm, L=1.75mm, n=5 mice; Fig. 1C ), demonstrating for the 48 first time in rodents that they overlap. These latter results were consistent with previous functional 49 mapping of the motor cortex in mice 11, 12 although this area is labelled as primary sensory cortex in 50 some atlases and studies [15] [16] [17] ; we thus use the conservative term "sensorimotor cortex". Our results 51
show that sensory gating and motor commands originate from the same area of the cortex. 52
We next investigated the spinal circuit underlying cortically-evoked DRPs. DRPs can also be 53 segmentally-evoked, by the activation of a neighboring root; this dampens sensory inputs through 54 GABA-dependent primary-afferent depolarization 13 although cholinergic pathways have also been 55 described 18 . In addition, it has recently been shown that GABAergic terminals presynaptic to 56 proprioceptive fibers arise from GAD65 interneurons 19, 20 . We thus investigated whether the CST 57 directly targets GAD65-expressing spinal lumbar neurons that could in turn inhibit primary afferents. 58
In TdTomato-flex mice crossed with GAD65::GFP mice, we infected cortical neurons located in the 59 area inducing hindlimb DRPs and EMG (Extended data Fig.1 ) with a viral monosynaptic anterograde 60 transynaptic tool (AAV1-CBA::WGA-Cre) encoding the Cre-recombinase fused to the wheat germ 61 agglutinin (WGA). The fusion with WGA provides transynaptic properties to Cre, which is then 62 transferred to cortical monosynaptic targets where it unlocks the expression of TdTomato (see 63
Methods, Extended data Fig. 2) . We evaluated the proportion of GAD65+ neurons among 64 corticospinal post-synaptic neurons (CSPNs) revealed by Td-Tomato expression ( Fig. 1D-E) : 16.4±3.2% 65 of CSPNs were GAD65::GFP+ (n=3 mice), suggesting that the cortically-evoked DRP could be 66 mediated by the activation of GAD65 CSPNs within a circuit involving a single spinal player. By 67 performing a similar experiment in ChAT::EGFP mice, only 2.2±1.8% of CSPNs were ChAT::EGFP 68 positive (n=4 mice), excluding a direct contribution of a cholinergic mechanism (extended data Fig.  69 3). 70
Although sensory gating signals and motor commands originate from the same area in the mouse 71 sensorimotor cortex, they may not share the same corticofugal pathway and spinal circuits. We thus 72 interrogated the contribution of indirect cortical-to-spinal pathways to these two functions (Fig. 2) . 73
As broad photostimulation of the cerebral cortex in Thy1::ChR2 activates a variety of cortical 74 neurons 14 ; we selectively lesioned the direct CST ( Fig. 2B ) using an electrolytic lesion at the level of 75 the pyramidal decussation (pyramidotomy). This protocol spares potential CST collaterals targeting 76 the red nucleus or the reticular nucleus branching more rostraly 21,22 as well as rubrospinal or 77 reticulospinal tracts that can be activated by corticorubral or corticoreticular neurons ( Fig. 2B) . 78
Cortically-evoked DRPs were completely abolished by this pyramidotomy (DRP amplitude 3.8 µV± 79 0.32µV before, 0.30 µV± 0.12µV after, n=3 mice, p=0.006), whereas cortically-evoked EMGs were 80 hardly affected (S/N Ratio 3.3± 0.61 before, 2.2 ± 0.1 after, n=4 mice, p=0.517, all Z-Scores above 81 significance after lesion, Extended Data table 1B) ( Fig. 2C-D ). This demonstrates that indirect cortical-82 to-spinal pathways (involving supraspinal motor centers) do not encode cortically-evoked DRPs but 83 have a prominent role for cortically-evoked motor contraction of the hindlimb. Our results show that, 84 in rodents, the lumbar CST mediates cortically-evoked DRPs and thus sensory gain at the primary 85 afferent level. 86
Although the contribution of the rubrospinal or reticulospinal tracts to motor command is well 87 acknowledged in both rodents and primates, the CST is also believed to encode motor drive 7 . This 88 could have been underrated by simultaneous stimulation of the indirect cortical-to-spinal pathways 89 in Thy1::ChR2 mice. We thus directly interrogated the contribution of the CST to motor contraction 90 by targeting exclusively these neurons through injection of a ChR2-encoding retrograde AAV in the 91 lumbar spinal cord (Fig. 3A) . The infected corticospinal neurons were found in the area delimited by 92 the functional mapping of hindlimb muscle contraction and DRP ( Fig. 3B although their contribution appears minor when other cortical neurons are simultaneously activated. 103 104 Because both the sensory gating and motor command of a given limb are encoded by the same 105 sensorimotor cortical area and can be relayed by the same direct corticospinal tract, we next 106 interrogated how these functions are segregated at the spinal level. It is documented that CS 107 neurons projecting to the lumbar spinal cord can have collaterals at the cervico-thoracic level 23 . 108
There, they can contact cervical propriospinal neurons (including Chx10-expressing ones 24, 25 ) that in 109 turn project to lumbar motoneurons and can be involved in motor command 24 . In order to test 110 specifically the contribution of the lumbar branch of CS neurons, without risking antidromic 111 stimulation of rostral collaterals, we combined the transynaptic tool presented above with an 112 intersectional approach at the lumbar level. We first identified the lumbar area containing CSPNs Altogether, our results demonstrate a segregation of pathways involved in cortically-evoked sensory 129 gating vs. motor control. The direct corticospinal tract in isolation (downstream its supraspinal 130 collaterals) is able to induce motor contraction through spinal targets possibly located at the cervico-131 thoracic level as recently suggested 17 . There, they could relay the command to propriospinal neurons 132 some of which are known to be premotor 24 . However, we show that motor command mainly involves 133 non-CST pathways, most likely cortico-rubral, or -reticular ones. On the other hand, the major and 134 essential role of the lumbar rodent CST appears to be hindlimb sensory gain at the primary afferent 135 level, through a population of lumbar CSPN whose activation is sufficient to produce DRPs. This 136 should not minor the importance of the CST in coordinated locomotion and skilled movements, as 137 appropriate modulation of sensory feedback at the spinal cord level is essential for these 138 functions 27,28 . While the CST has long been known to have different functions and to have 139 progressively evolved towards an essentially fine motor tract 1 , we here show that its prominent role 140 in the rodent lumbar cord is sensory gating. This suggests that sensory gating by the CST has not 141 evolved secondary to motor control, but rather precedes motor control in the evolution of the CST.
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This paradigm shift also forces re-interpretation of previous studies aiming at promoting CST function 143 in a therapeutical perspective, whether in mouse models of spinal injury or neurodegenerative 144 diseases such as amyotrophic lateral sclerosis. While most of these studies have exclusively 145 considered motor command aspects, our results provide a new perspective to analyze these efforts 146 by taking into account the primary role of rodent lumbar CST, i.e. sensory gating. 147 and suctioned with a glass pipet. An agar pool was created on the exposed spinal cord, and filled with 247 NaCl 0.9%. The amplifiers/filters/software used were the same as for the EMG recordings. DRPs in 248 response to 30 successive cortical or spinal photostimulations (see below) were averaged for analysis. 249
The amplitude of the response from the onset to the peak was measured using Clampfit 10.0. The 250 amplitude of the noise was similarly measured during sweeps without photostimulation. Brain injections (1.5-2 mm lateral, 0.5-1 mm caudal to Bregma, 0.5 mm deep) were performed as 280 previously described 32 under isoflurane anesthesia (2-3%). Briefly, 90 to 270 nL of virus was injected 281 by manual pressure using a 5 mL syringe coupled to a calibrated glass capillary, under visual control. 282
Spinal injections were performed using a similar manual pressure protocol. The pipette was inserted in 283 the exposed space between two vertebrae (T13-L1, corresponding to spinal L4), as previously 284 described 33 . 0.45 µL of virus was injected 300 µm lateral to the midline and 300-400 µm deep. In both 285 cases, Manitol 12.5% was injected i.p. (0.2 -0.5 ml) after the surgery to enhance vector spread and 286 improve transduction 34 287
The animals were kept 2 weeks for the retroAAV injections and a minimum 5 weeks for dual injections 288 before in vivo DRPs and/or EMGs recordings or histological analysis. 289 290 Virus. AAV2/1-CBA-WGA-CRE-WPRE was purchased at the molecular tools platform at the Centre 291 de recherche CERVO (Québec, Canada), and was used at a titer of 8x10 12 vg/ml. AAV-Ef1a-DIO 292
ChETA-EYFP was a gift from Karl Deisseroth 26 (Addgene viral prep # 26968-AAV9; 293 http://n2t.net/addgene:26968 ; RRID:Addgene_26968) and was used at a titer of 1×10¹³ vg/mL. AAV-294 CAG-hChR2-H134R-tdTomato was a gift from Karel Svoboda 35 (Addgene viral prep # 28017-AAVrg; 295 http://n2t.net/addgene:28017 ; RRID:Addgene_28017), and was used at a titer of 7×10 12 vg/mL.
Histology 298
Mice were transcardially perfused with PB followed by 4% paraformaldehyde (PFA) in PB 0.1M, or, if 299 histological analysis followed electrophysiological recordings, the brain and spinal cord were post-fixed 300 overnight in PFA 4% in PB 0.1M. Serial 50 µm brain (coronal or sagittal) and spinal (transverse or 301 sagittal) sections were performed on a vibratome (Leica VT1000 S) and mounted using a DAPI staining 302 mounting medium (Vectashield, Vector laboratories). presented as isopotential contour plots (three color grades corresponding to 37%, 50% and 63% of 386 maximum value). Coordinates of the cortex are expressed in mm and centered on Bregma. M1, M2, 387 S1: primary motor, secondary motor, and primary sensory cortices, according to the Paxinos atlas 15 
